Abstract
Introduction
Sperm cells are one of the most diverse cell types in nature and exhibit striking variation both 75 within and across taxa (Pitnick et al. 2009 ). In addition to being morphologically diverse, sperm 
187
We characterized sperm aggregation by scoring CASA videos using direct observations 
287
We then combined these two datasets in low-and high-viscosity media and compared sperm 288 aggregate kinematics in both low-and high-viscosity media at the intra-male level using a paired 289 student's t-test within each species.
290
To assess the structure of P. maniculatus and P. polionotus aggregates, we used generalized 291 linear models (GLM) to compare the proportions of 'defective' and 'opposed' aggregates to 292 'aligned' aggregates. For the composition GLM, the binomial response was the number of 293 'defective' sperm aggregates, and the total number of sperm aggregates that were either 'defective' 294 or 'aligned' was the binomial denominator. We used a paired student's t-test to compare the VCL 295 of these aggregates within males. For the orientation GLM, the binomial response was the number 296 of 'opposed' sperm aggregates, and the total number of sperm aggregates that were either 297 'opposed' or 'aligned' was the binomial denominator. We used a paired student's t-test to compare 298 the VCL of these aggregates within males. 
372
Overall, we found species-specific differences in the effect of sperm aggregation on motility, 373 regardless of environmental complexity (Table 3, Figure 4) . In low-viscosity medium, we found 374 that sperm aggregates have a significantly greater VCL in P. maniculatus, VSL in P. maniculatus,
375
P. leucopus, and P. californicus, LIN in P. leucopus, and VAP in P. californicus compared to 376 single cells. Conversely, sperm aggregates had a significantly lower VCL, VSL, and VAP velocity 377 in P. polionotus and P. gossypinus than single sperm in the low-viscosity medium (Figure 4) . In 378 the high-viscosity medium, we found that sperm aggregates have a significantly greater VCL in P. Sperm aggregate size varies among species and is negatively associated with relative testes size.
(A) The observed natural variation in the number of aggregated sperm cells for six closely related species of Peromyscus mice. Box-plots represent median and interquartile ranges with raw data overlaid. Statistically significant differences at the P = 0.05 level are denoted by differing letters; shared letters denote no statistical difference. (B) When controlling for phylogenetic relationships, the coefficient of variation (CV) for the number of aggregated sperm cells negatively correlates with relative testis mass across these species. Note truncated y-axes.
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as.factor(PhyloSpeciesOrder) The effect of sperm aggregate geometry on the curvilinear velocity (µm/sec) of sperm aggregates for two species that aggregated most -Peromyscus maniculatus and Peromyscus polionotus. Circles represent mean values per male within each species, and black lines represent the mean value within each category. Note truncated y-axis. For both models, all rows are being compared with the intercept -Peromyscus maniculatus. 95% confidence intervals (CI) were calculated for each effect size.
